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Abstract 

The SM unitarity triangle (UT) is completely determined by the parameters 7 and \V u b\ 
which can be extracted from tree-level processes and are assumed to be free of new physics. 
By comparison with other determinations of UT parameters one can impose constraints 
on new physics in loop processes, in particular B mixing. 
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Independently of any new sources of flavour violation induced by new physics (NP), 
there is always a Standard Model (SM) unitarity triangle (UT). It is completely deter- 
mined by two parameters, which one can choose as |Vub/Kft| and 7 - the rationale being 
that these parameters can be determined from tree-level processes and hence are ex- 
pected to be essentially free of new-physics effects. In this talk we discuss the impact 
of the presently available information on |V^,/V^| and 7 on possible new physics in B 
mixing, based on Ref. p]; we include the most recent update on (sin0 d ) C c S presented at 
ICHEP2006. 

Let us first discuss the status of \V u b\ and \ V c b\. The latter quantity is presently known 
with 2% precision from semileptonic B decays; we shall use the value obtained in Ref. [2] 
from the analysis of leptonic and hadronic moments in inclusive b — > ctvn transitions [3] : 

\V ch \ = (42.0 ±0.7)- 10- 3 ; (1) 

this value agrees with that from exclusive semileptonic decays. 

The situation is less favourable with |V^|: there is more than la discrepancy between 
the values from inclusive and exclusive b — > uip£ transitions [I]: 

|K 6 |inci = (4.4±0.3)-10" 3 , |Kft|exci = (3.8±0.6)-l(T 3 . (2) 

The error on |V^6| ex ci is dominated by the theoretical uncertainty of lattice and light- 
cone sum rule calculations of B — > n and B — > p transition form factors [5j [6] , whereas 
for I V^f, I i nc i experimental and theoretical errors are at par. A recent improvement of the 
method used to extract \V u b\ has been suggested in Ref. [7J; it relies on fixing the shape of 
the exclusive form factor from experimental data on the g 2 -spectrum in B —>■ 7rez/, which 
helps to reduce both the experimental and theoretical error of |T4&|exci- The "low" value 
I Ki& I exci is in agreement with the determination of \V u b\, by the UTfit collaboration, from 
only the angles of the UT [Sj. In this report we shall present results for both values of 
\V ub \. 

As for the UT angle 7, tree-level results can be obtained from the CP asymmetries in 
B — > D^K^ decays. At present, the only results available come from the Dalitz-plot 
analysis of the CP asymmetry in B~ — > (i^^7r + 7r _ )i^~, with Kg7T + TT" being a three- 
body final state common to both D° and D°. This method to measure 7 from a new- 
physics free tree-level process was suggested in Ref. [10J and has been implemented by 
both BaBar [TTJ and Belle [TJ], but the BaBar result currently suffers from huge errors: 
7BaBar = (92 ± 41 ± 11 ± 12)°, 7 Be iie = (53±H ± 3 ± 9)°. Other determinations of 7 from 
QCDF, 7qcdf = (62±8)° [T3], SCET, 7 SC et = (73.9^ 4 7 )° [H], SU(3) fits of non-leptonic 
B decays 7 SU (3) = (70. O^) [E], radiative penguin decays, 7s^y 7 = (Gl.OlJjjloljjjj) 
[TS] , and global UT fits [S], [TT] all come with theoretical uncertainties and/or possible 
contamination by unresolved new physics. In this report we shall use 7 = (65 ± 20)°, 
which is a fair average over all these determinations. 

With 7 and \V u b/V c b\ fixed, let us first have a closer look at the B®-B® mixing pa- 
rameters. In the presence of NP, the matrix element Mf 2 can be written, in a model- 
independent way, as 

M d l2 = Mff M (1 + K d e^) , 



1 



where the real parameter n d > measures the "strength" of the NP contribution with 
respect to the SM, whereas a d is a new CP-violating phase; analogous formulae apply to 
the B s system. The B d mixing parameters then read 



AM d = AM| M [1 + K d e^} 



lSM 



+ arg(l + n d e 



(3) 
(4) 



Experimental constraints on K d and a d are provided by AM d and <f) d , the mass differ- 
ence and mixing phase in the B d system. While the interpretation of the very accurately 
known experimental value of AM d depends crucially on hadronic matrix elements provided 
by lattice calculations, <ft d can be measured directly as mixing- induced CP asymmetry in 
b — > ccs transitions [I]: 

(sin (f) d )cs = 0.675 ±0.026, (5) 
which yields the twofold solution 



i d = (42.5 ± 2.0) c 



V 



137.5 ±2.0)°, 



(6) 



where the latter result is in dramatic conflict with global CKM fits and would require a 
large NP contribution to B^-B® mixing. However, experimental information on the sign 
of coscj) d rules out a negative value of this quantity at greater than 95% C.L. [IS] , so that 
we are left with <p d = (42.5 ± 2.0)°. 



The SM prediction of the mixing phase, 
the tree- level quantities Rb and 7, as 



2/3, can easily be obtained in terms of 



sin P 



Rb sin 7 



y/l ~ 2R b cos 7 
Here the quantity Rb is given by 



Rl 



cos P 



1 — Rb cos 7 



2/4 cos 7 + Rl 



(7) 
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h; 







Using Eq. ([Ill , the experimental value of <p d can immediately be converted into a result for 
the NP phase 0^ p , which depends on both 7 and R b . It turns out that the dependence 
of on 7 is very small and that R b plays actually the key role for its determination. 
With our range of values for 7 and \V u b\ we find 

0r| incl = (53.5 ±3.8)°, 

corresponding to 

-(11.0 ±4.3)°, 



iSMI 



I excl 



i NP | 

^ I incl 



i NP l 

d I excl 



(45.9 ±7.6)°. 



•(3.4 ±7.9)°; 



(9) 



(10) 



results of 0^ p ~ —10° were also recently obtained in Refs. [HI [20l [9]. Note that the 
emergence of a non-zero value of 0^ p is caused by the large value of \V u b\ from inclusive 
semileptonic decays, but that 0^ p is compatible with zero for \V U b\ from exclusive decays. 
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Figure 1: Left panel: allowed region (yellow/grey) in the (Jdr^d plane in a scenario with the 
JLQCD lattice results ([TT]) and ^ P | cxcl - Dashed lines: central values of AM d &tt and <^ p , solid 
lines: ±lcr. Right panel: ditto for the scenario with the (HP+JL)QCD lattice results f)12|) and 



We can now combine the constraints from both AMd and <pd to constrain the allowed 
region in the <J d -K d plane. These contraints depend on hadronic input for AMd in terms of 
the parameter fs d B^ d for which there exist two independent unquenched lattice results, 
one by the JLQCD collaboration with Nf = 2 active flavours |21j . and one by the HPQCD 
collaboration with Nf = 2 + 1 active flavours [22] . We also give the corresponding results 
for the 5, which we will need below: 



JB d ti Bd 



Jb s B b 



JLQCD 



JLQCD 



(HP+JL)QCD 



f R 1 / 2 

HPQCD 



(0.215 ± 0.019+° . 023 ) GeV, 

(0.245 ± 0.021^;°02) GeV, (11) 

(0.244 ±0.026) GeV, 

(0.281 ±0.021) GeV. (12) 



The last but one entry is a combination of both HPQCD and JLQCD results, as the 
HPQCD collaboration is yet to provide results on Bs d - 

The corresponding constraints in the (Jdr^d plane are shown in Fig. [TJ We see that 
a non- vanishing value of 0^ p , even as small as ~ —10°, has a strong impact on the 
allowed space in the Odr^d plane. In both scenarios with different lattice results and 
different values for |V^&|, the upper bounds of K d <^ 2.5 on the NP contributions following 
from the experimental value of AMd are reduced to Kd ^ 0.5. In order to determine Kd 
more precisely, it is mandatory to reduce the errors of AM] att , which come from both 7 
and lattice calculations. The value of 7 can be determined - with impressive accuracy - 
at the LHC, whereas progress on the lattice side is much harder to predict. 

Let us now have a closer look at the 5 s -meson system. The big news in 2006 was the 
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Figure 2: The allowed regions (yellow/grey) in the a s -n s plane. Left panel: JLQCD lattice 
results (HU). Right panel: HPQCD lattice results (fT2l) . 

first measurement, by the CDF collaboration, of AM S [23] : 

AM S = (17.77 ±0.10 ±0.07) ps" 1 . (13) 

In order to describe NP effects in B s mixing in a model-independent way, we parametrize 
them analogously to (jSJ) and (jlj). The relevant CKM factor is |VJ*V^|. Using the uni- 
tarity of the CKM matrix and including next-to-leading order terms in the Wolfenstein 
expansion, we have 

= l-~(l-2i4 cos 7 )A 2 ±0(A 4 ). (14) 

Consequently, apart from the tiny correction in A 2 , the CKM factor for AM S is indepen- 
dent of 7 and Rb, which is an important advantage in comparison with the 5^-meson 
system. The accuracy of the SM prediction of AM S is hence limited by the hadronic 
mixing parameter fB s B^ s . In Fig. [2], we show the constraints in the <t s -k s plane. We see 
that upper bounds of k s <^ 2.5 arise from the measurement of AM,. Consequently, the 
CDF measurement of AM S leaves ample space for the NP parameters a s and k s . This 
situation will change significantly as soon as precise information about CP violation in 
the 5 s -meson system becomes available. 

To date, the CP-violating phase associated with B®-B® mixing is not very well con- 
strained. In the SM, it is doubly Cabibbo-suppressed, and can be written as follows: 

0™ = _ 2X 2 V = _ 2 \2 Rb sin 7 ~ _ 2 °. (15) 

Because of the small SM phase in (115j) . B° s -B° s mixing is particularly well suited to search 
for NP effects, which may well lead to a sizeable value of <p s . The presently available 
information on (j) s stems from measurements of AT S and the semileptonic CP asymmetry 
aj s ; they have been re- analysed very recently in Ref. [24J with the result 

sin <p s = -0.77 ±0.04 ±0.34 or sin <p s = -0.67 ± 0.05 ± 0.29 , (16) 

depending on the value of AM] att ; both results would imply a 2a deviation from the SM 
prediction sin^™ rs —0.04, but are heavily theory dependent. In order to test the SM 
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Figure 3: Combined constraints for the allowed region (yellow/grey) in the a s -n s plane through 
AM S for the HPQCD results (|12p and CP violation measurements. Left panel: the SM scenario 
(sin0 s ) exp = -0.04 ± 0.02. Right panel: a NP scenario with (sin0 s ) exp = -0.20 ± 0.02. The 
solid lines correspond to cos(p s > 0, the dotted lines to cos0 s < 0. 

and probe CP-violating NP contributions to B®-B® mixing in a less theory-dependent 
way, the decay — > J/i[>4>, which is very accessible at the LHC, plays a key role and 
allows the measurement of 

sin S = sin(-2A 2 i4 sin 7 + <^ p ) , (17) 

in analogy to the determination of sin (pa through B\ — > J/ipKg. 

In order to illustrate the possible impact of NP effects, let us assume that the NP 
parameters satisfy the simple relation 

a d = a s , K d = k s , (18) 

i.e. that in particular = <f)f p . To illustrate the impact of CP violation measurements 
on the allowed region in the a s -n s plane, let us consider two cases: 

i) (sin0 s ) cxp = -0.04 ± 0.02, i.e. the SM prediction; 

ii) (sin0 s ) ex p = —0.20 ± 0.02, i.e. the above NP scenario (f>d = 4>s ~ —11°. 

In Fig. [31 we show the situation in the cr s -K s plane. The constraints on the NP parameters 
are rather strong, although k s could still assume sizeable values, with the upper bound 
k s ~ 0.5. In the SM-like scenario (i), values of a s around 180° would arise, i.e. a NP 
contribution with a sign opposite to the SM. However, due to the absence of new CP- 
violating effects, the accuracy of lattice results would have to be considerably improved 
in order to allow the extraction of a value of k s incompatible with 0. On the other hand, 
a measurement of (sin0 s ) exp = —0.20 ±0.02 would give a NP signal at the 10 a level, with 
k s ^0.2. 

Let us conclude with a few remarks concerning the prospects for the search for NP 
through B° s -B° s mixing at the LHC. This task will be very challenging if essentially no CP- 
violating effects will be found in B° s — > J/ip<p (and similar decays). On the other hand, as 
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we demonstrated above, even a small phase 0f p ~ —10° (inspired by the B d data) would 
lead to CP asymmetries at the —20% level, which could be unambiguously detected after 
a couple of years of data taking, and would not be affected by hadronic uncertainties. 
Conversely, the measurement of such an asymmetry would allow one to establish a lower 
bound on the strength of the NP contribution - even if hadronic uncertainties still preclude 
a direct extraction of this contribution from AM S - and to dramatically reduce the allowed 
region in the NP parameter space. In fact, the situation may be even more promising, 
as specific scenarios of NP still allow large new phases in B®-B® mixing, also after the 
measurement of AM S , see, for instance, Refs. [251 126] . 

In essence, the lesson to be learnt from the CDF measurement of AM S is that NP 
may actually be hiding in B®-B® mixing, but is still obscured by parameter uncertainties, 
some of which will be reduced by improved statistics at the LHC, whereas others require 
dedicated work of, in particular, lattice theorists. The smoking gun for the presence of 
NP in B®-B° s mixing will be the detection of a non-vanishing value of (ft® p through CP 
violation in B® — > J/ip<f). Let us finally emphasize that the current 5-factory data may 
show - in addition to <f)^ p ~ —10° - other first indications of new sources of CP violation 
through measurements of B® — > 4>Ks and B — > ttK decays, which may point towards a 
modified electroweak penguin sector. All these examples are yet another demonstration 
that flavour physics is not an optional extra, but an indispensable ingredient in the pursuit 
of NP, also and in particular in the era of the LHC. 
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